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HEATS  OF  FORMATION  OF  COMPOUNDS 
CONTAINING-  B ,  Be ,  A1  and  Li 


1.  SUMMARY  OF  THE  WORK  ACCOMPLISHED 

A,  Beryllium  Fluoride 

Final  evaluation  of  the  measurements  on  Beryllium 
fluoride  has  been  deferred.  Experiments  on  the  preparation 
of  a  completely  orystalline  beryllium  fluoride  by  various 
methods  have,  so  far,  not  suooeeded. 

B.  Double  Oxides 

The  working  of  the  platinum  oalorimeter  has  been 
simplified  and  tho  precision  inoreased  by  maintaining  the 
samples  at  constant  temperature  in  a  small  metal  blook  thermo¬ 
stat  before  dropping  them  into  the  oalorimeter. 

Solution  experiments  on  the  oompound  9AI0OX.2B2O3 
and  on  mixtures  of  gibbsite  and  boron  oxide  (glass}  in  the 
corresponding  ratio  have  been  made.  Eight  experiments  on 
the  mixture  gave  =  799‘3  *  1*0  koal  for  the  molar  heat 

of  solution.  Seven  experiments  on  the  oompound  gave  = 

900*0  t  l*Jf  koal  for  the  molar  heat  of  solution  From  these 
measurements  and  Barany’s  (Koehler.  Bar  any  and  Kelley,  Bureau 
of  Mines  Report  of  Investigations  3711  (196l)]  heat  of  formation 
of  gibbsito  from  a-alumina  snd  water  (dHwdr.298  =  -  °*^2 

koal),  the  preliminary  value  5*8  koal  is 

derived  for  the  heat  of  combination  of  the  oxides  in  9AI2OV2B2O3. 
This  value  is  subject  to  oorreotions  for  small  errors  in  tne 
calibration  of  the  oalorimeter,  in  the  estimate  of  the  heat  of 
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dilution  of  tha  oonoentrated  lydi'of'luozi  c  acid  solution  by  the 
water  of  the  gibbsite  and  for  a  possible  error  in  the  heat  of 
formation  of  gibbsite. 

Several  measurements  on  the  heat  of  solution  of  the 
oompound  and  correspond! ng  mixtures  of  lithia  and 

gibbsite  have  been  made. 

When,  in  experimants  on  the  preparation  of  the  oompo\ind 
5Al203.I.i20  in  a  completely  anhydrous  and  soluble  form,  the  con¬ 
stituent  oxides  were  heated  to  temperatures  below  900°C ,  reaotion 
was  incomplete.  At  1,000JC  or  higher  temperatures,  the  double 
compound  beoame  largely  insoluble.  Preparation  of  ohrysoberyl, 
Al.2O3.BeO  [aooording  to  the  method  briefly  desoribed  by  Lang, 
Fillmore  .'nd  Maxwell,  J.Res.N-B.S.  jjfl,  298,  (1952)]  gave  X-ray 
patterns  whioh,  in  addition  to  lines  due  to  ohrysoberyl,  showed 
further  lines  possibly  due  to  A^f^.JBeO. 


C .  Mixed  Fluorides 


LI3AIF5 


X-ray  powder  photographs  of  Li3AlF£  in  a  wide  tempera¬ 
ture  range  have  been  taken.  The  existence  of  various  forms  of 
the  oompound  designated  a,  0,  Y>  8  and  e  in  order  of  stability  at 
increasing  temperature  has  beoome  evident.  An  extremely  slow 
conversion  of  a  into  0  ocours  when  the  a  form  is  heated  to 
225°C  (±  50°C) ,  but  the  direct  reconversion  of  0  into  a  has  not 
been  observed.  The  0  form  is  transformed  into  y  475°C  (±  10°C). 
On  slow  oooling  the  y  form  is  ocnverted  into  0  whioh  is  retained 
on  further  oooling  to  room  tempera ture.  If  the  y  form  is  rapidly 
oooled,  the  produot  obtained  after  some  time  at  room  temperature 
is  a  mixture  of  a  and  0*  The  y  form  is  transformed  into  5  at 
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575°C  (±  10°C)  and  the  6  form  into  the  e  fora  at  705JC  (±  10°C). 
The  oonvsrsiona  y  "  6  and  6  -  e  are  readily  reversible .  The 
produot  in  the  oalorlmetrio  experiments  is  thus  a  mixture  of  a, 

P  and  superoooled  y  whioh  slowly  changes  into  a. 

The  endothermio  reaction  ('^0*9  koal)  obtained  on  re¬ 
heating  the  produot  is  therefore  explained  by  both  effects 
mentioned  in  Administrative  Report  No. 17,  l.D. ,  i.e.  retention 
of  y  and  some  evaporation  of  LlAXF^.  The  conversion  a.  -  p 
is  probably  thermoohemioally  negligible  and  the  most  probable 
value  for  the  heat  of  combination  of  the  two  single  fluorides 
to  form  a-  or  p-Li3AlF6  is  therefor#  AHf298  =  -5 *5  (±  0*5  koal). 

The  various  phase  changes  reported  here  are  not  likely 
to  seriously  invalidate  the  heat  ocpaoity  measurement  of  LixAlFg 
[Douglas  and  Neufer,  N.B.S. Report  8186  ,  Jan. 1964]  ao  that  tne 
value  for  the  entropy  S2g8(^^3^'6)  =  45* 01*-  e.u.  derived  from 
them  and  the  heat  measuroments  reported  here  oannot  be  signifi¬ 
cantly  in  error. 


LigBeF^ 


The  heat  of  the  reaotion 

2Li?(orystal)  +  BeF2(glasB)  -  Li^JeF^orystal)  I 

has  been  measured  by  heating  the  constituents  within  the  small 
fumaoe  in  the  oalorimeter.  Very  thorough  mixing  of  the  single 
fluorides  is  neoessary  apparently  beoause  of  the  extremely  high 
visoosity  (low  electrical  oonduotivity)  of  molten  BeF2-  From 
five  experiments  in  whioh  this  preoaution  was  taken,  a  value 

=  -5*3  ±  0*5  koal  has  been  derived  for  the  heat  of  reaotion  I. 
The  produot  has  been  identified  by  powder  X-ray  photography  as  the 
normal  crystalline  form  [a  in  the  designation  of  Novoselova, 
Simanov  and  Y&rembash,  Zhur.Fi2.Khim.,  26,  1244,  [1952)].  On 


*'*h«**U np  the  pvo'luoi  Rt’tei*  several  hours  at  room  temperature, 
a  "barely  detectable  endothermic  heat  effeot  is  observed-  This 
cannot  be  readily  explained  at  present.  This  is  taken  oare  of 
if  one  assumes  for  the  heat  of  formation  of  a-LijjBeF^  from  the 
constituents  AHf  =  -5*5  ±  0*7  koal. 


WORK  III  THE  NEXT  PERIOD 
A.  Beryllium  Fluoride 


Further  attempts  to  prepare  Be?2  in  a  oomplete 
orystalline  state  will  be  made  with  a  view  to  determining  the 
heat  of  glass  -  orystal  transition.  Addition  of  lithium 
fluoride  will  be  made  to  the  mixture  for  the  Be-PbF2  reaotion 
in  order  to  form  the  orystalline  oompound  L^eF^. 

B.  Mixed  Oxides 


Measurements  in  the  AI2O3  -  B0O3  system  will  be  com¬ 
pleted.  Measurements  in  the  AI2O3  -  LI2O  system  will  oontinue. 

If  a  completely  anhydrous  and  soluble  5Al203.Li20  cannot  be  made, 
the  previous  preparation  which  oontains  about  2  weight  per  oent 
water  will  be  used.  Measurements  on  either  the  heat  of  formation 
of  gibbsite  or  of  compounds  in  the  AI2O3  -  BeO  system,  if  available, 
will  be  made. 

One  further  attempt  to  prepare  5Al203.Li2^  in  a  com¬ 
pletely  anhydrous  and  soluble  fonu  will  be  made.  Investigations 
on  the  preparation  of  the  oompounda  in  the  AI2O3  -  BeO  system  in 
a  well  defined  and  hydrofluoric  aoid  soluble  state  will  oontinue. 


Mixed  Fluorides 


Investigation 5  in  the  Celf^  -  I.i?  myat*»  will  continue. 
Of  the  various  double  compounds  suggested,  the  eicisteuoe  of 
LiBeFi  seems  undisputed;  but  oareful  thex*moohemioal  study  will 
be  neoessary  to  asoertain  whether  it  is  stable  or  uetastable  with 
respeot  to  disproportionation  into  Beip2  and  LijjBeF^. 

No  inventions  were  oonoeived  or  made  during  the  period. 


No  personnel  ohangea  or  other  significant  administrative 
aotions  ooourred  during  the  period. 

Dr.  G-ross  visited  the  United  States  from  the  13th  -  30th 
Ootober  196V.  He  diroussed  progress  of  the  work  with  Dr.  Joseph 
F,  Masi  and  Major  C.  J.  Donovan  of  the  Offioe  of  Soientifio  Researoh, 
United  States  Air  Foroe;  he  visited  several  laboratories  end  had 
soientifio  discussions  v.'th  various  United  States  theraocheaists. 

He  attended  the  19th  Calorimetry  Conferenoe  in  Washington,  D.C. , 
and  Bethesda,  M4. ,  and  re port ad  on  "Heats  of  Formation  of  a' - 
Beryllium  Chloride  and  a-  and  D-Bery  Ilium  Nitride"  ,  an  investi¬ 
gation  whioh  had  been  entirely  sponsored  by  the  Air  Foroe  Offioe 
of  Soientifio  Researoh. 
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